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A Global attributable deaths from Level 2 risk factors for females in 2019
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Respiratory effects

Air pollution

Maternal Direct
exposure exposure

Reduced lung
growth and
lung function

Wheeze &
asthma

Impaired Impaired lung Respiratory
foetal growth function infections

(Boeyen et al., 2017; Gasana et al., 2012; Goldizen et al., 2015; Hansen et al., 2008; Hehua et al., 2017; Latzin et al., 2009; Schultz et al., 2012; Stern et al., 2013)
CRICOS code 00025B 3
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Free radicals

WHAT ARE
FREE RADICALS?

(Pizzino et al., 2017)

Unstable molecules
with an unpaired
electron

Electrons are most

27 stable in pairs

Free radicals attach to
cell membranes to
“steal” their molecules
of electrons

Damages living cells,
known as oxidation

Four major sources of free radicals: endogenously
generated from biochemical processes, produced by
neutrophils, produced after radiation exposure,
environmental sources.

The removal of an electron by a free radical can set off
chain reactions of free radicals in the tissues and lead to

tissue damage.
s
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Oxidative stress

The body has complex defences against free radicals
- Enzymes such as dismutase and peroxidase
- Antioxidants
- Metal binding proteins

Oxidative stress can be defined as a state where production/exposure of free radicals is greater than the
antioxidant defences.

(Betteridge, 2000)
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Air pollution and oxidative stress

There are various mechanisms through which air pollutants can induce oxidative stress:

- Oxidant activity (ozone)

- Directly free radical (nitrogen dioxide)

- Redox catalysts (components in particles such as Fe, Cu, Ni, quinones)
- Internally metabolised to reactive electrophiles (PAHS)

- Introduction of metals in the lung

- Trigger inflammation pathways

- Inactivate phosphatases

- Interfere with mitochondrial function

(Mudway et al., 2020) CRICOS code 000258 6
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Environmentally persistent free radicals e ——

Particulate matter has given rise to a newly discovered form of free
radical — EPFRs
- Produced through the binding of organic pollutants to the surface of
particles.
- The organic pollutant reduces the metal and resulting OH- loss forms
a stable free radical

EPFRs participate in the redox cycle in biological systems and produce
ROS.

Multiple mechanisms through which affect health: induction of oxidative
stress, lipid peroxidation, lysosomal membrane permeabilization;
autophagy; and induction of cell death by apoptosis or necrosis

EPFRs induced asthma in animal models via a mechanism involving
neutrophils and Th17 cells

(Lee et al., 2014; Stephenson et al., 2016) CRICOS code 000258 7



THE UNIVERSITY
% OF QUEENSLAND
AUSTRALIA

AlIr pollution, oxidative stress & the lung

Exposure to air pollution causes oxidative stress in the lung

- Both ozone and NO, likely exert their effects through secondary
mechanism — where their presence triggers a cascade that starts
free radical processes. Both pollutants interact with lung lining fluid
and not directly with the cells.

- Triggers inflammatory cells to migrate to the lung -> release free
radicals and cause tissue damage in absence of infectious agents

elemental carbon core

secondary sulphates and
nitrates

organic carbon species
Increasing evidence that metals adsorbed to surface of PM likely eorbad
associated with adverse health outcomes through induction of oxidative /. vaporous hydrocarbons
stress. hydrated sulphates and
redox-active metals

Antioxidant defences in the lung should protect against air pollution,
however if these defences are overcome or an individual has a lower

antioxidant capacity then harm may occur.

(Kelly, 2003) CRICOS code 000258 8
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Air pollution and oxidative stress

Study of air quality, pre-, during and post-Beijing Olympics found that both urinary and expired breath
condensate malondialdehyde (MDA) decreased during the period of the air quality improvements for the
Olympics.

Children exposed to high levels of TRAP in Mexico City had increased levels of MDA in exhaled breath
condensates. Subjects with “null” or reduced function mutations in anti-oxidant defence genes, such as
GSTP1, showed increased susceptibility to TRAP exposure, and asthma was more likely in children with

TRAP exposure if they showed increased expression of the redox-sensitive transcription factor, NFE2L2
(NRF2) gene.

Does genetic risk of oxidative stress predispose to greater harm from air pollution?

(Gong et al., 2013; Macintyre et al., 2014; Romieu et al., 2008; Ungvari et al., 2012) CRICOS code 00025B 9
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Oxidative stress as a mediator

Direct effect
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Current work

Studies to date have not integrated across outdoor and indoor air pollutants or
measured indoor EPFR levels as a likely mediating factor.

Our current study seeks to understand the role of oxidative stress in the
relationship between air pollution and lung outcomes.

Two major aims:

1. Identify the determinants EPFR in house dust T
HE UNIVERSITY
2. To understand the role of EPFR-induced oxidative stress (OS) on child OF AQI}{EEN%AND
respiratory outcomes (lung function, respiratory infections, asthma) at
age 4 years

Barwon
Infant
Study

CRICOS code 00025B



[ 7 N
I
Ve
L 25 12
S e i

OF QUEENSLAND CREATE CHANGE

AUSTRALIA

THE UNIVERSITY
Children’s Health and Environment Program

d.vilcins@ug.edu.au
m www.linkedin.com/in/dwanv

Thank you

Dr Dwan Vilcins
2 @DrDwanvilcins



THE UNIVERSITY
% OF QUEENSLAND
AUSTRALIA

References

Betteridge, D. J. (2000). What is oxidative stress? Metabolism, 49(2, Supplement 1), 3-8. https://doi.org/https.//doi.org/10.1016/50026-0495(00)80077-3

Boeyen, J., Callan, A. C., Blake, D., Wheeler, A. J., Franklin, P., Hall, G. L., Shackleton, C., Sly, P. D., & Hinwood, A. (2017). Investigating the relationship between environmental factors and respiratory health
outcomes in school children using the forced oscillation technique. International Journal of Hygiene and Environmental Health, 220(2), 494-502. https.//doi.org/http://dx.doi.org/10.1016/].ijheh.2017.01.014

Gasana, J., Dillikar, D., Mendy, A., Forno, E., & Ramos Vieira, E. (2012). Motor vehicle air pollution and asthma in children: a meta-analysis. Environ Res, 117, 36-45. https.//doi.org/10.1016/].envres.2012.05.001
Goldizen, F. C,, Sly, P. D., & Knibbs, L. D. (2015). Respiratory effects of air pollution on children. Pediatr Pulmonol, 51, 94-108. https.//doi.org/10.1002/ppul.23262

Hansen, C. A,, Barnett, A. G., & Pritchard, G. (2008). The effect of ambient air pollution during early pregnancy on fetal ultrasonic measurements during mid-pregnancy. Environ Health Perspect, 116(3), 362-369.
https.//doi.org/10.1289/ehp.10720

Hehua, Z., Qing, C., Shanyan, G., Qijun, W., & Yuhong, Z. (2017). The impact of prenatal exposure to air pollution on childhood wheezing and asthma: A systematic review. Environ Res, 159, 519-530.
https.//doi.org/10.1016/j.envres.2017.08.038

Kelly, F. J. (2003). Oxidative stress: its role in air pollution and adverse health effects. Occupational and Environmental Medicine, 60(8), 612. https://doi.org/10.1136/0em.60.8.612

Landrigan, P. J., Fuller, R., Acosta, N. J. R., Adeyi, O., Arnold, R., Basu, N., Baldé, A. B., Bertollini, R., Bose-O'Reilly, S., Boufford, J. I., Breysse, P. N., Chiles, T., Mahidol, C., Coll-Seck, A. M., Cropper, M. L., Fobil, J.,
Fuster, V., Greenstone, M., Haines, A., Hanrahan, D., Hunter, D., Khare, M., Krupnick, A., Lanphear, B., Lohani, B., Martin, K., Mathiasen, K. V., McTeer, M. A., Murray, C. J. L., Ndahimananjara, J. D., Perera, F.,
Potocnik, J., Preker, A. S., Ramesh, J., Rockstrom, J., Salinas, C., Samson, L. D., Sandilya, K., Sly, P. D., Smith, K. R., Steiner, A., Stewart, R. B., Suk, W. A., van Schayck, O. C. P., Yadama, G. N., Yumkella, K., & Zhong,
M. (2018). The Lancet Commission on pollution and health. The Lancet, 391(10119), 462-512. https://doi.org/10.1016/50140-6736(17)32345-0

Latzin, P., Roosli, M., Huss, A., Kuehni, C. E., & Frey, U. (2009). Air pollution during pregnancy and lung function in newborns: a birth cohort study. Eur Respir J, 33(3), 594-603.
https.//doi.org/10.1183/09031936.00084008

Lee, G. I., Saravia, J., You, D., Shrestha, B., Jaligama, S., Hebert, V. Y., Dugas, T. R., & Cormier, S. A. (2014). Exposure to combustion generated environmentally persistent free radicals enhances severity of
influenza virus infection. Part Fibre Toxicol, 11, 57. https://doi.org/10.1186/s12989-014-0057-1

Maclintyre, E. A., Brauer, M., Melen, E., Bauer, C. P., Bauer, M., Berdel, D., Bergstrom, A., Brunekreef, B., Chan-Yeung, M., Klumper, C., Fuertes, E., Gehring, U., Gref, A., Heinrich, J., Herbarth, O., Kerkhof, M.,
Koppelman, G. H., Kozyrskyj, A. L., Pershagen, G., Postma, D. S., Thiering, E., Tiesler, C. M., & Carlsten, C. (2014). GSTP1 and TNF Gene variants and associations between air pollution and incident childhood
asthma: the traffic, asthma and genetics (TAG) study. Environ Health Perspect, 122(4), 418-424. https://doi.org/10.1289/ehp.1307459

CRICOS code 00025B 13



THE UNIVERSITY
% OF QUEENSLAND
AUSTRALIA

References

Mudway, 1. S., Kelly, F. J., & Holgate, S. T. (2020). Oxidative stress in air pollution research. Free Radical Biology and Medicine, 151, 2-6.
https://doi.org/https.//doi.org/10.1016/].freeradbiomed.2020.04.031

Murray, C. J. L., Aravkin, A. Y., Zheng, P., et al. (2020). Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study
2019. The Lancet, 396(10258), 1223-1249. https://doi.org/10.1016/50140-6736(20)30752-2

Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino, F., Arcoraci, V., Squadrito, F., Altavilla, D., & Bitto, A. (2017). Oxidative Stress: Harms and Benefits for Human Health. Oxidative
medicine and cellular longevity, 2017, 8416763-8416763. https://doi.org/10.1155/2017/8416763

Romieu, l., Barraza-Villarreal, A., Escamilla-Nunez, C., Almstrand, A., Diaz-Sanchez, D., Sly, P. D., & Olin, A. (2008). Exhaled breath malondialdehyde as a marker of effect of exposure to air
pollution in children with asthma. J Allergy Clin Immunol, 121(4), 903-909.e906. http://linkinghub.elsevier.com/retrieve/pii/S0091674907024013

Schultz, E. S., Gruzieva, O., Bellander, T., Bottai, M., Hallberg, J., Kull, I., Svartengren, M., Melen, E., & Pershagen, G. (2012). Traffic-related air pollution and lung function in children at 8 years
of age: a birth cohort study. Am J Respir Crit Care Med, 186(12), 1286-1291. https://doi.org/10.1164/rccm.201206-10450C

Sly, P., & Vilcins, D. (2021). Climate Impacts on Air Quality and Child Health and Wellbeing: implications for Oceania. Journal of Paediatrics and Child Health, In press.

Stephenson, E. J., Ragauskas, A., Jaligama, S., Redd, J. R., Parvathareddy, J., Peloquin, M. J., Saravia, J., Han, J. C., Cormier, S. A., & Bridges, D. (2016). Exposure to environmentally persistent
free radicals during gestation lowers energy expenditure and impairs skeletal muscle mitochondrial function in adult mice. Am J Physiol Endocrinol Metab, 310(11), E1003-1015.
https://doi.org/10.1152/ajpendo.00521.2015

Stern, G., Latzin, P., Roosli, M., Fuchs, O., Proietti, E., Kuehni, C., & Frey, U. (2013). A prospective study of the impact of air pollution on respiratory symptoms and infections in infants. Am J
Respir Crit Care Med, 187(12), 1341-1348. https://doi.org/10.1164/rccm.201211-20080C

Ungvari, |., Hadadi, E., Virag, V., Nagy, A, Kiss, A., Kalmar, A., Zsigmond, G., Semsei, A. F., Falus, A., & Szalai, C. (2012). Relationship between air pollution, NFE2L2 gene polymorphisms and
childhood asthma in a Hungarian population. J Community Genet, 3(1), 25-33. https://doi.org/10.1007/s12687-011-0075-8 \\\

CRICOS code 00025B 14



THE UNIVERSITY
OF QUEENSLAND
AUSTRALIA

Pollutant exposure

Antioxidant defences

Oxid

Tolerence Adaption  Inflammation Cell death
p
85
— :
— < 0 o TNFa, L, IL-6, L8 _ Alarmins
Extracellular 2 z 9
m antioxidants ROS ROS T \A
Pro-oxidants, antigen <

Cellular
antioxidants

Epithelium

‘ 1 I : I Apoptosis Necrosis

Antioxidant enzymes,  Cytokines, chemokines,
chelation proteins,  antimicrobial peptides,
phase 1 & 2 xenobiotic anti-apoptopic proteins,

enzymes cell eycle regulation
Age
7 Endogenous vulnerabilit
Genetics g y

factors

Pre-existing disease e 00025B 15



THE UNIVERSITY
% OF QUEENSLAND
AUSTRALIA

EPFR formation

e An organic pollutant forms a weak bond with a metal on the surface of a particle (physisorption);

e water or hydrogen halide (HX) is released in the combustion process to form a strong bond with
the metal (chemisorption) !?;

e the organic pollutant reduces the metal by taking an electron, resulting in the formation of the
radical;

e OH: is released forming a stable EPFR (figure 1).
Figure 1: Process of EPFR formation
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